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NOVEL AMORIPBOIDS HYIDRATE OF A CSraALOSIPOmN 

ANTnBflonnc 

glcid of the Invention 
S The present invention lelales to a novel amoiphous hydrate of a 

cq;)halospQrin antibiotic. More particularly, the present invmtion relates to novel 
amoiphous immohydrate of cefdinir of the fomnda (I). 




(I) 



The present invention also provides a process 'for the preparation of die novel 
1 0 amoiphous monohydrate of cefdinir of formula (0- 

The present invention also provides new salts of conqiound of formula 
(XIV) and a process for die ]nq>aiatiQii of cefijinir using the new salts« 

Bad^irottttd of the Inven^n 
IS Cefdinir is a third generation cephalosporin antibiotic for oral 

administration and has a broader antibacterial qpectium over die general giam 
positive and gram negative bactma» especially against &rqfiococci, dian other 
antibiotics for oral admintstrBtion. 

In view of the vital antibiotic activities of cefdinir of the formula 0^), 
20 vadous medKxb of preparation were reported Cefdinir is for the first time 
claimed in US patent No. 4^559334 and die nature of die product tfiat is disclosed 
in diis patent is described as crystalline like amorphous in subsequent US patent 
. (US 4,935,507). This patent also discloses a process for the preparation of 
cefdinir as depicted in die Scheme I. 
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Scbemel 



In d)e disclosed process, 7*ainmo-3-vtnyl-3-cephein-4-carboxylic acid 
5 ester where R represents a conventional carboxy protecting group, is acylated 
with the reactive ester of haloacylacetip acid, which was converted to its oxime, 
followed by cyclization with tfiiouiea and dq;>iotection of the ester group to 
afford cefdinir. The product obtained by the process described in examples 14 
and 16 is aiq[>roximately 80*85 % pure. The cyclization step suffers from poor 
10 yidd and affords brownish color of the thiazole derivative, which subsequently 
affords cefdinir, but quality and yield were inferior. Furdier, owing to the &ct 
diat die expensive 7-amino-3*vinyi-3-cephem-4-carl>oxylic acid is carried 
dnougb four steps^ cost of producing cefdinir is hig^. 

US patent nuniber 4S^5J5V? claims tfie novel crystalline fmn of the 
IS cefdinir s^isom^ and a process for preparing the same. The X-ray 
crystallography data given in diis patent is given in dse following table: 



2e»Values 


Relative Intensity 


14.7 


76 


17.S 


56 


21.5 


100 


22.0 


70 


23.4 


38 
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24.4 


80 


28.0 


40 



The ciy$lallme forni (Qystal A) of US 4,935,507 is piepaitd fiom the syn-tsomer 
prepared according to the proccduics described in Examples 14 and 16 of JJS 
4,559334. 

5 

In our US patoit No. 6388*070, we disclosed a process for prqmring a 
compomri of formula (VIII), wherdn, Rt refmsents H, trityl, etc, R2 lepiesents 
H, phenyl, etc^ R3 represents CHa, OlKSlx, etc., R4 is H or a salt or a carbo 
prDtecting groiq>; R$ is H or trimetiqrisilyl; comprising acylating the compound of 
10 formula (VI) with compound of fonmula (VII) in the presence of an organic 
solvent, organic base and a situating agent at a temperature in the range of *10 
to -H30^. The reaction ts shown in scheme Ilbelow: 




IS 



Scheme n 

US patent No. 6,093,814 discloses a process for the preparation of 
cefdinir and its intemiediate as represented in Sdieme III: 
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Scheme 

In thh process p-methoxybeazyl 7-aiiiiiM>-3-vinyl*3-ce{>heiii-4H»rto^ 
is condensed witti 2-niercaptobenzothiazolyl C^2'^nmno-4-Aiazal^2* 
S (trityloxymimo)8Gel^ in NJ4-dim^yl acetamide, and the pioduct oMained was 
treated with p-toluenesulfonic acid in the presence of a mixture of diethyl ether 
and m^sanol to crystalluie 7-[(2-amjmH(-diiazolyI)-2-(Z)- 

(trity](»cyimino)acetaintdo>3-vinyl-3^:ephei^^ acid.pTSA.2DMAc 
sohrate. This process utilizes highly volatile^ low-boiling and tiieiefoie 
10 indiistrially^ot-prefened solvent, diedi^ etfier, for crystallizing out the above 
solvate. In addition, Ae quantity of the low-boiling solvent used is also veiy hi^ 
tanging fiom 60-100 vohunes, dierd>y mbling hazard u> die operations. Added to 
this is the fiut that the recovo^ of these solvcmts ftom Aeir mixtuie is not 
stai^t-forward* 

15 

US patent No. 6350,869 discloses the puiificatira of impure ceidinir 
through die preparation of NJJ-dicyclotexylamine salt of 7-[2-amino-4-tfii8zolyl- 
2-(z>-hydroxyhnino acetamido>3-vinyI-3-cq)hem-4-cafboxylic acid and 
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subsequent hydrolysis to get pure cefdinir. This process requires the prq>aration 
of crude cefdinir, conversion to N»N^icycIohexytamine salt and then hydrolysis 
of the salt to get pure cefiJinir, and therefore the overall yield is not attractive. 

US patent No. 6^50,869 also emphasizes that cefdinir is unstable in die 

S presence of other amines, with which, it gets heavily degraded In addition, 
Yoshihiko Okamoto et aL (J. Pharm. Sci. Vol. 8(9), 976, 1996) report that 
cefdinir may be ui^ble under basic environment 

Crystalline cefdinir has limitations in formulation development as it cannot 
be developed into tablets. 

10 Conadering die forcing limitations, we undertook an investigation in 

our lab to devdop a product which is easy to handle and convenient to develop a 
dosage which is easily absoibable. We also paralld undertook an investigation to 
identify a process, which involves (0 less number of steps, 00 die direct isolation 
of cefifinir, with out die need to prqiare crude cefdinir in an additional step. This 

IS would permit commercializing the production of high-pure cefitinir with 
indttsirial-fiiendly solvent, which can foith'er be recovered for recycling. 

Objectives of the Invention 

The main objective of die |Mresent invention is to provide a novel 
20 amoiphous monohydrate of cefdinir wtttcii has very good bioavailability and 
useful in developing different dosage forms. 

Anodio* cibjective of d^ present inventiim is to provicte a commercially ' 
viable process for the preparation of cefdinir and novel amoiphous monohydrate 
of cefdinir of die formuhi (I), which would be easy to implement on 
2S manufocturing scale. 

Yet another objective of die present invention is to provide new salts of 
formula (XIV)» which are tnsohible and stable diroughout die process of 
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producing the cefdinir and a process for the preparation of cefdinir using these 
new salts. 

Sun>inary of the Invention 
S In an embodiment of the present invention, there is provided process for 

the preparation of cefdinir of the formula (I) 




comprising the stqis of: . 

i) condensing 7-amino-3*cei^eni-4-carboxyUc acid of the formula (XII) 
10 wherein R| is as defined above widi compound of the formula (Xm) in the 

presence of a tertiary amine and an organic solvent, followed by treatment with a 
base to produce a salt of compound fonnula (XIV), wherein is a counter ton 
and 

ii) hydroly^ing die compound of die formula (XIV) using an acid in the 
IS presence of a solvent to produce cefdinir of fonnula (I). 



The reaction is shown in schme-IV below : 



wo 2004/046154 PCniB20Q3fD0SQ3Z 




Scheme IV 



Another embodiment of tte present invention provides a novel amoq>hous 
5 monohydiate of oefdinir of tfie fonnula (I). 




fa) yet another embodiment of die present invention, diere is provided a 
process foi' die i»repanition of novel amoiphous monohydmte of oefdinir of the 
10 fonnula (I) comprising hydrolyzmg the compound of the fonnula (XV) 




comprising die steps of : 

i) adding an organic s<^nt to ccxnpound of fonnula pCV), 
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K) adjusting the pH of the resulting solution using an acid at a temperature in 
tfie range of 10 to 40*^0, 

iii) cooing the resulting solution rapidly to -40 to 0 ''and 

iv) isolating the novel amorphous monohydrate of cefdinir of the formula (I). 

In yet another embodiment of die present invention, there is provided a 
process for the preparation of novel aimnphous monohydrate of cefdinir of the 
formula (0 comprising hydrolyzing ttie compound of ttie formula pCV) 




10 comprising the steps of : 

t) adding an c^ganic solvent to cc»npound of fcmnula (XV), 
ti) cooing die resulting solution to -40 to 0 ^and 

iii) adjusting the pH of the resulting solution by rapid addition of an acid at a 
temperature in the range of 10 to 40 X, 
15 iv) isobting the novel ainorphous monohydrate ofcefdmirofthe formula (I). 

I>escriptioo of Figures 

Figure 1 : Comparison of powder XRD pattrni of the sample prepared according 
20 US 4^35 JiOl and the sample prepared according to example 3 and example 4. 

Detailed description of the InvntloD 

In an embodiment of flie present invention, the activatimi group 
represented by X is selected from ester, diioester, halogen atom such as cMorine, 
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brMnine, iodine. 





where R6 represents (C|-C4)alkyl group such 



as methyK ^yi» n-propyl, isoi)rDpyl, n-butyl or iso-butyi or a phenyl group; Alk 
group re{»pesent5 (C|-C4)alkyl group such as methyl, etfiyl, n-propyl, iso^nopyl, 

S n^butyl or iso-butyl. 

In an other embodiment of die present invention, die counter ion 
represented by M is selected fiom sodium, potassium, lidiium, magnesium, 
ammonium, dicyclohexyiamine, K,N**dibaizylethyIenediaroine, 1,8* 
diazabicyc1o(SA0)undec-7-ene (DBU), l,5-diazabicydo(4.3.0)non-5-ene, N,N'- 

10 dtphenyleth^enediamine, l,4-dizabicyclo(22.2)octane, N,N- 

diisopropylethyiamine, N,N-diis(qiropylamine and the Uke. 

In anodier embodiment of the present invention, die tertiary amine used for 
condensation in step (i) is selected from triethylamine, N-methylpiperidine, N,N- 
diisopropylethyiamine, trimefliylainine and the like. 

15 In yet anodier embodim^fit of the present invention, die organic solvent 

used for condensation in step (i) is selected fiom ethanol, medianol, isopropanol, 
THP, cycldiexanol, acetone, butan*2-one, acetonitrile, DMAc, water or a mixture 
dieieof. 



20 condensation in stq> (0 is selected fiom sodium hydroxide, sodium acetate, sodium 
2-ediyl hexanoate, potassium hydroxide, ammonium hydroxide, ammonium 
acetate, calcium hydroxide, dt^lohexyl amine, N,N'-dibenzylethylenediamine 



In yet another embodiment of the present invention, the base used for . 



diacetate. 



l,8-diazabicycIo(S.4.0)undec-7-ene 



PBU), 



1.5. 
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diazabicycIo(43.0)hon-5-ene» N^l'-diphen^ediylenediamine, 1 .4- 
diazabicyclo(2.22)octBne» N»N-diisopropylethylamine, NJ4*<iiisopropyIainine» 
and die like. 

In yet another embodiment of the present invention, the organic solvit 
S used for hydrolysis is selected from acetone, 2-butanone, methanol, isopropanol, 
ethanol, THF, acetonitrile, DMAc, water and the like or mixtures thereof. 

In anodier ombodim^t of the present invention, the hydrolysis is carried 
out usmg acid selected fiom HCl, sulfuric acid, formic acid, acetic acid, 
aromatic/aliphatic sulfonic acids such as benzenesulfonic acid, p-tohienesulfonic 
10 acid, nafdidialeiiesttlfonic acid, methanesulfonic acid, triflic acid, and flie like. 

In yet another embodiment of ttic present invention, die compound of 
fonnul a (I) obtained is a syn isomer. 

The present invention is based on die observation that iqpid cooling of die 
IS aqueous solvent sohitim of cefiluur to low temperatures and adding the acid 
rapidly produces amorphous cefdinir. The technique can be achieved either by 
cooling the aqueous solvent solution to low temperatures and adding the add 
rapidly to adjust die pH to precipitate the amorphous product or adding the acid to 
adjust die pH and rapidly cooling die resultant sohidon to precipitate die 
20 anMxiriious product 

In yet anodier embodiment of die present invention, there is provided new 
salts of compounds of formula (XIV) 




(WV) 
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n 

wherein represents a counter ion as defined above. 

The foregoing technique has been found to be markedly attractive, both 
from commercial point of view, as well as from manufacturing viewpoint and 
S affords good quality of amorphous cefdinir of the formula (I). 

Many other beneficial results. can be obtained by applying disclosed 
invention in a difTaeot manner or by modifying the invention with the scq>e of 
<fisclosure. 

The present' invention is illustrated with the following ^carnples, which 
10 diould not be construed as limiting to the scope of the invention. 

Egample 1 

Preparation of 2-nrieirc8ptD-S-phenyM,3,4^xadiazolyH^^aminot 

15 4-yl)*2-(lriltylosyimtoo) scetate 

To an ice-cold suspension of (ZH2-aminofliioazol-4-yl>2-<tritylo3^imino)aoeti 
acid (25 gm) in telEahydrofiiran C2(K) ml), trietfaylamine (10 gm) was added 
dropfwise over 10 minutes at 0-5 Bis-(2-oxo-oxazolidinyl)phospfainic chloride 
(15.4 gm) was added and stirred fw one hour at 0-5 "^C To die reaction mixture 

20 2-mercqyto*5-phei9l-l^»4-oxadiazDle (9.8 gm) and triethylamine (5.0 gm) was 
added dropwise over 15 minutes and stirred at 0-5 X for 6 - 7 hours. After 
completion of reaedm» chilled water (500 ml) was added at 10-20 in 30 - 40 
minutes and stirred at 20 fv^ 2 hours. Then Ac slurry was cooled to 5-10 *C 
and stinred at this temperature for 45 minutes. The product thus obtained was 

25 filtered washed widi wata (100 ml) and dried at 30-35 ""C for 4-5 hours to yield 
the title compound (50 gm, water content is 40%). 
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Step .00 

Preparation of potasslom 7^I2-(2-amiDa44hiazolyi)-2<<Z4rityloxylini]io) 
acetaiiiido)*3*vinyl-3-cepbeiih4-€arboiylale 

To a chilled suspension of 7-aniino-3-vinyl-3-cq)hcm-4-caiboxylic acid (25 gm) 
5 and 2-men»pto>5-phenyl-13,4-ox^azolyHZ)-(2-aminothiazol-4-yl)-2* 
(trityloxyiniino)acetate (155 gm, water content is 40 %) in N^- 
dimethylacetamide (150 ml), IriethylamiDe (23 gm) was added drop-wise at 1Q±2 
X over 30-45 minutes and tfie resulting mixture was slined at 20i2 "^C for 6-8 
hours. The reacticm was monitored by HPLC After cmipletbn of the reaction, 
10 t^rahydrofuFBn (125 ml)* 10% sodium ddoride solutim (250 ml) and ethyl 
acetate (250 ml) were added at 25 "X: and stined for 20 min. The aqueous layer 
was sqiarated and wasAied wifli etfiyl acetate ^50 ml). To the aqueous layer, 
ethyl acetate (500 ml) was added, cooled to 10 - 15 ""C, and the pH was adjusted 
to 2.8-3.01^ 1:1 Hain30min.T1iel^efs weresepaiatedandtodieelhylacetate 
IS layer, 12 % (w/v) meOianolic potassium hydroxide solution (60 ml) was added 
dropwise in 30 min at 25 ""C, and stined for 45 min. The resulting shiny was 
filtered, washed with eAyl acetate (150 ml) followed by acetone (150 mt) and 
dried at 30-35 X under vacuum to obtain the title compound (45 gm, HPLC 
Purity >99.0%). 

20 

Step (lift 

Preparation of 7fl-I2K2-amino-4-tbfaaolyl>-2-(Z-hydroxyimino)acelamid^ 
vlDyl-3-^hem-4-€arboxylic add 

A mixture of potassium 7p-[2-(2-amino-4-fliiazoly])-2-(Z- 
25 trityloxyinrino)acetamido^3-vinyl-3-cq)hem-4-caiboxyl^^^ (25 gm) and activated 
caibon (2.5 gm) was added to an aqueous acetone solution (1:1, 70 ml) containing 
p-toluenesulphonic acid (17.7 gm) at 50 X. The reaction mixture was heated to 
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70 *C in 20 minutes and maintained at this temperature for 35 minutes. After 
completion of tite reaction, chilled ethylacetate (200 ml) having temperanire -15 
X was added to the reaction mixnire to reduce the temperature to 30-35 X. The 
carbon was filtered and the carbon bed was washed with water (50 ml). The 

5 filtrate was dihited with water (200 ml)» warmed to 35 X and pH of the solution 
was adjusted to 6.0 -6.5 using aqueous ammonia solution (20%). The aqueous 
layer was separated and treated with carbon (2.0gm) at 35^C for 35 min. The 
carbon was filtered and the carbon bed was washed with water (50 ml). Acetone 
(25 ml) was added to die filtrate and 10 % (w/v) solution of sulphuric acid was 

10 added dropwise to bring down the pH fiom 4^ to 2.8 at 33-35 ^ stirred for 30 
minutes and adjusted the pH again to 2.6. The resulting duny was stirred for 1 5 - 
20 minutes at 33-35 X» coded to 20-2S*C» and stirred for 30 minutes. The 
product dius obtained was filtered, wadied widi water (SO ml) and dried at 35 
umfer vacuum for 3-4 hours to get die dtle conqiound (9.0 gm» HPLC purity < 

IS 99%). 

Example 2 
Stcpffl 

PreparatioD of 2Hiierc8pto^lieiqfl-13/(-o»dia20lyl«^><2^ 
20 4-yi>-2-(trltytoxyiiiiinD)Metate 

To an ice-cold suspension of (Z>^-aminoaiioazoM-yI)-2-(trityIoxyimino)acetic 
acid (25 gm) in trtrahydrofuran (200 ml)» triethykmine (10 gm) was added 
dropwise over 10 minutes at 0*5 X. Bis-^-oxo-oxa2oIidinyI)phosphinic chloride 
(15.4 gm) was added and stirred for one hour at 0-5 X. To die reaction mixture 
25 2-mercapto-5-phenyl-U3»4-oxadiazole (9.8 gm) and trietiiylamine (5.0 gm) was 
. added dropwise over 15 minutes and stirred at 0-5 for 6 - 7 hours. After 
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completion of leaction, chilled water (500 ml) was added at 10-20 X in 30-40 
minutes and stined at 20 X for 2 hours. Then the slurry was cooled to S-10 
and stined at this temperature for 4S minutes. The product d)us obtained was 
fihered washed with water (100 ml) and dried at 30-35 X for 4*5 hours to yield 
S the title compound (SO gm, water content is 40%). 

stcpfln 

Preparation of potassium 7p-(2-^amiDo^44biazolyl)-2-C2^tyloxyimino) 
acetamidol-3-vinyl^3-eephem-4-carboxylate 

10 To a dulled suspension of 7-aminc>*3*vinyl-3-cepheni-4-carboxylic acid (5 gm) 
and 2-inercqpto-5-phenyl*l 3»4-oxadiazoIyKZ><2-anunothia2ol-4-yI)h2- 

(trityioxyimino)8cetate (242 gm) in tetrafaydrofuran (40 ml) and water (5 ml), 
trietfiylamine (4.6 gm) was added drop-wise at 2012 X over 10*15 minutes and 
the resulting mixture was stirred at 3Q±2 X for 6-8 hours. The progress of ttie 

15 reacticm was monitored by HPtC. After completion of reaction^ ethylacetate (100 
ml) and water (75 ml) were added at 3Q±2 and stirred for 20 min. The aqueous 
layer was separated and washed wifli ^yl acetate (75 ml). To the aqueous layer, 
ediylacetate (ISO ml) was added, cooled to 10 - 15 and the pH was adjusted to 
2.8-3.0 by 1:1 HQ sohition in 25-30 mm. To die separated ethylacetate layer, 

20 acetone (SO ml) and a m^hanolic potassium hydroxide solution (7.5 % w/v, 20 
ml) were added dropwise in 25-30 min at 25 -27 X and stirred for fiirther 45 
min. The resulting shiny was filtered, washed with acetone (2 X 25 ml) and dried 
at 30-35 undff vacuum to obtain die title compound (5.0 gm» HPLC Purity 
>99.0%). 

25 
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steonin 

Preparation of 7^I2-<2>amino^thiazolyl)-2-(Z*hydroxyiiiiino)acetamidoI-3- 
vinyl-3<epheiiH4-carboxylic acid 

A mixture of potassiinn 7P-[2-(2*ainino-4-fliiazolyl)*2-(Z- 

S tri1yk>x^miiio)acetMido]-3*vinyl-3-cq>heni-4<aA gm) and activated 

caibon (2.5 gm) was added to an aqueous acetone solution (1:1, 70 ml) containing 
p-tohienesu^honic acid (17.7 gm) at SO ^C. The reaction mixture was heated to 
70 X in 20 minutes and maintained at this temperature fi>r 35 minutes. After, 
completion of the reaction, chilled etbylacetate 0200 ml) having temperature -IS 

10 was added to the reaction mixture to reduce the temperature to 30-35 The 
caibon was filtered and die carbon bed was washed with wato- (SO ml). The 
filtrate was dihited with water (200 ml), warmed to 35 and pH of the solution 
was adjusted to 6.Q -6.5 using aqueous anunonia solution (20%). The aqueous 
layer was separated and treated with caibon (2.0gm) at 3S^C for 35 min. The 

15 caibon was filtered and the caibon bed was washed with water (50 ml). Acetone 
(25 ml) was added to the filtrate and 10 % (wAr) solution of sulphuric acid was 
added dropwise to bring down the pH fiom 4.5 to 2.8 at 33*35 "X:, stirred for 30 
minutes and adjusted the pH again to 2.6. The resulting shirry was stirred for IS - 
20 minutes at 33-35 X, cooled to 20-25'*C. and stirred for 30 minutes. The 

20 crystals dius obtained was filtered^ washed widi water (50 ml) and dried at 35 X 
under vacuum for 3-4 houra to get the tide compound (9.0 gm, HPLC purity < 
99%). 

Example 3 

25 Preparation of OQ-7f^[2-<2-arolno-44hlazolyO-2-(bydroxyiinlno)acetamidoK 
3-vfaiyl*3-€epbem-4-€arboxylic add in amorphous hydrate form 
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Ammonhim ' (Z)>7p-[2-(2-aniin(>4-diiazolyi)*2-{hydr0xymim 
viDyl-3-cephenv4-caiboxylate (20 gm) was added to a mixture of water (2S0 ml) 
and acetone (80 ml) and wanned to 33-35 ^C. This aqueous solution was treated 
widi activated charcoal and EDTA at 35 ^ for 40 minutes. The catbon was 

S filtered and the caibon bed was washed with water (70 ml). This aqueous acetone 
sohitim was cooled to *30 X and a (10 %) solution of aqueous sulphuric acid 
was added rapidly, stirred for 30 minutes and waimed to 0-2 ^C. The product thus 
obtained was filtered at 0-2 ^ washed with cold-water ( 1 00 nd) and dried at 40- . 
. 45 ^ under vacuum for S-6 houis to get (Z)-7p-[2-<2-aniino^thiazolyl)-2- 

10 (hydn>xyimino)acetamido)-3*vinyl-3-€ephem-4-carboxylic acid (6.0 gm» HPLC 
qualify 89.0 %» water content 4-5 %). 

Example 4 

Preparation of (Z>-7p-Il-(2-amino-4-thlazo]yl)-2-(hydroxyimino)acetamldol- 
15 3-vinyl-3-cepbem^4-€arboxyiic add in amorphous hydrate form 

Ammonium (Z)-7p*[2-(2-amino4-thiazo}yl)-2-(hydroxyimino)ac^amido]-3- 
vinyl-3-cephem-4-caibox^ate (20 gm) was added to a mixture of water (2S0 ml) 
and ac^one (80 ml) and warmed to 33-35 Thb aquecHis solution was tieated 
with activated charcoal and EDTA at 35 X for 40 minutes. The caibcm was 
20 filtered and ttie caibon bed was washed vriHh water (70 ml). The pH of diis 
IKPKOUS acetone solution was adjusted to 0.6 at 33-35 ^ using a (10 %) sohition 
of aqueous sulphuric acid This sohition was cooled rajridly to -10 ^ and stined 
for 30 mmutes. The product thus obtained was filtered at -10 ^ wadied with 
cold-water (100 ml) and dried at 40^5 % under vacuum fi>r 5-6 hours to get (Z)- 
25 7P-[2-(24unino-4*diiazolyl)-2'<hydroxytmino)acetamido]-3-vinyl-3<eph 
caiboxylic acid (6.0 gm» HPLC quality 93.0 %» water content 4-5 %). 
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Claims: 

1 . A process for the preparation of cefdinir of the formula (1) 

S 




°" OOOH 



m 



die said process comprising the steps of : 

9 condensing 7-amino-3-cq;>hem-4<aiboxylic acid of llie formula pOI) 

•V<-t~r' I (»9 



COOH 

wherrin R| is as defined above with compound of the finmula (XIII) 

pdiq 



Pb 



in die presence of a tertiaiy amine and an organic solvent, followed by treatment 
1 0 widi a base to produce a salt of compound foimula (XIVX 



(XflO 
ooa M* 

W> Ph 

wheiein is a counter ion and 

ii) hydxolyzing ttie compound of die formula (XIV) using an acid in die 
piesence of a solvent to produce cefilinir of formula (1). 

15 



t8 
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2. The process as claimed in claim 1, wherein activation group represented 
by X is selected from ester, thioester, halogen atom such as chlorine, bromine. 



iodine. O-^, ° W. O . *«> 



AIK 



^ , where represents (C|-C4)a))cyl group or phenyl group; Alk 

S group rqsresents (Ci-C4)a]kyt. 

3. The process as claimed in claim 1» wherein die counter ion represented by 
M is selected frcmi sodhim, potassium, lithium, magnesium, ammonium, 
dicyclohex^amine, N,N*-dibenzyle^^ened]amine, 1,8* 
diazabi(^lo(S.4.0)undec-7-ene (DBU). l,5-diazaWcyclo(43.0)non-5-€ne, N,N*- 

10 diphenylethylenediamine, l,4-dizabicyclo(2JZ^)octane, 
diisopropylethylamine or N^vf-diisofropylamine. 

4. The process as claimed m claim I, wherein the tertiary amine is selected 
from tri^ylamine, N-metbylpiperidine, NJ4-diisopropylethylamine, 
trimethylamine and die like. 

IS 5* The process as claimed in claim 1, wherein the organic solvent used in step 

(i) is selected firom edianol, methanol, isq>rop8nol, THF, cyclohexanol, acetcme, 
butan-2*-ooe, acetonitrile, DMAc, water cnr a mixnue thereof. 

6. The process as claimed in claim 1, wherein die organic solvent used in stqf> 

(ii) is selected fiom acetone, 2-butan(me, medianol, isopropanol, elhanol, THF, 
20 acetonitrile, DMAc, water and die like or mixtures thereof 

7/ The process as claimed in claim 1, wherein the acid is selected from HCl, 
sulfuric acid, formic acid, acetic acid or aromatic/aliphatic sulfonic acids. 
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8. The process as claimed in claim 1, wherein the compound of formula G) 
obtained is a syn isomer. 

9. A novel amorphous monohydrate of cefdinir of the formula (I) 




fi) 



10. The process for liie ptepmlkm of novel amor|dious monohydrate of 
cefdinir of the formula (I) as claimed in claim 9, coniprising hydrolyzmg the 
compound of die formula (XV) 




comprising tiie steps of : 

i) adding an organic solvent to compound of formula (XV), 

ii) adjusting die pH of the resulting solution using an acid at a temperature in 
the range of 10 to 40 ""C, 

iii) cooing the resulting solutim rapidly to -40 to 0 ^and 

iv) isoladiig fhe^novd amorphous momrfiydrate of cefdinir of the formula (I). 

U. The process for die ptepamtion of novel amorphous monohydrate of 
cefdinir of die formula (I) as claiined in claim 9» comprising hydrolyzing die 
compound of the fmnula (XV) 
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(XV) 



comprising the steps of : 

i) adding an oig^nic solvent to confound of fbimula (TCV), 
ti) cooing the resulting sohitiM to -40 to 0 ^and 
5 iii) adjusting the pH of the resulting solution by lapid addition of an acid at a 
temperature in the tange of 10 to 40 ^ 

iv) isolating die novel amorphous mcmohydrate of cefdinir of die fimnula (I)- 

12. The process as claimed in clahns 10 and 1 1 » wherein the organic solvent is 
selected from acetone^ 2-butanone, methanol isopzopanol^ edianoi, THF» 

10 acetonitrile, DMAc, water and die like or mixtures thereof. 

13. The process as claimed in claims 10 and 1 K wherein the acid is selected 
from HCl, sulfuric acid» formic acid, acetic acid or aromatic/aliphatic sulfonic 
acids. 

14. A compound of compound formula pCIV)» 



IS 




•wherein represents a counter ion. 
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